A field experiment showed that numbers of Escherichia coli declined significantly when floating Lemna spp. plants were removed to create open water areas in a typical newly constructed surface flow treatment wetland in southern Ontario. It is suggested that E. coli declined immediately after Lemna removal because the Lemna was shading the water column from penetration by natural UV radiation, it was providing favourable attachment sites for the E. coli, and it was not allowing effective free exchange of oxygen from surface winds to the water column to maintain high enough dissolved oxygen supplies for predator zooplankton populations.
INTRODUCTION
Non-traditional biological treatment systems including wetlands are known to effectively remove enteric bacteria such as Escherichia coli from sewage waters (Karpiscak et al. 1996; Gerba et al. 1999; Perkins and Hunter 2000) .
Natural die-off, temperature shifts, unfavourable water chemistry, predation, sedimentation, and solar (UV) radiation are the primary mechanisms in wetland systems leading to removal of bacteria such as E. coli in the waste stream (Kadlec and Knight 1996) . If any one or combination of these removal mechanisms is impaired for any reason, the wetland system will cease to effectively reduce bacterial numbers, and thereby fail to perform as expected.
During a detailed study aiming to characterize the performance of a newly constructed surface flow treatment wetland system in southern Ontario, numbers of E. coli were found to become unusually and unacceptably high towards mid-summer in year 2 of full operation, suggesting that natural removal mechanisms were not performing optimally. It was observed that growth of floating Lemna minor also greatly increased over the same time period. The dense growth of floating macrophytes has been found to impair quantities and composition of planktonic communities in the water column in natural wetlands (i.e. Cronk and Fennessy 2001). Therefore, it is possible that the Lemna was shading the water column in the treatment wetland system, cutting out natural UV penetration, and allowing E. coli to flourish. In an attempt to determine whether there was any relationship between L. minor and E. coli numbers, a field experiment was undertaken to identify whether E. coli numbers would change if L. minor was removed.
MATERIAL AND METHODS

Study site
The study site is a surface flow or free-water surface flow 
RESULTS AND INTERPRETATION
DISCUSSION
The results of this field experiment confirm an apparent relationship between Lemna growth and E. coli numbers.
E. coli numbers dropped significantly once Lemna, floating debris and some suspended particulate matter was removed.
It appears the floating material is shading the water column and inhibiting natural UV radiation from reaching and killing suspended E. coli. UV radiation has been shown elsewhere to contribute to bacterial mortality in water bodies (McCambridge and McMeekin 1981; Flint 1987) . The floating material was probably serving as attachment sites for E. coli colonization and, once removed, this would be another contributory factor for the reduction in E. coli numbers.
As a facultative anaerobe, E. coli can thrive in waters both high and low in dissolved oxygen (DO). However, aerobic conditions with higher DO are less favourable for E. system as a failure, not thinking about the merits that led to the choice of adopting an unconventional treatment option offered by wetlands.
Other corrective measures other than simple Lemna control may be possible, such as altering flow rates and volumes in the system, or changing operation water levels.
While these measures may be effective and suitable, one should be cautious because these hydrological alterations to the systems may have negative feedback, which could cause some other problem. Unusually high E. coli numbers is a biological phenomenon, and so biological tools should be the first option in trying to 'fix' the problem.
